for the BFM (Berlin-Frankfurt-Minster) Relapse Study Group Presymptomatic central nervous system (CNS) treatment in children with a late isolated first bone marrow (BM) relapse of acute lymphoblastic leukemia (ALL) was based on intermediate-dose systemic and intrathecal (IT) methotrexate (MTX) in the multicenter trial, ALL-REZ BFM 85. Because this was associated with an excess of overt second CNS relapses, cranial radiotherapy (cRT) plus prolonged triple IT therapy with MTX, cytarabine, and prednisone was instituted during the course of the subsequent trial, ALL-REZ BFM 87. Results of children with or without cRT, but otherwise identical chemotherapy, are presented here. Between April 1985 and March 1990, 93 children with their first late isolated BM relapse of ALL were entered on protocols ALL-RE2 BFM 85M and ALL-REZ BFM 87.
Presymptomatic central nervous system (CNS) treatment in children with a late isolated first bone marrow (BM) relapse of acute lymphoblastic leukemia (ALL) was based on intermediate-dose systemic and intrathecal (IT) methotrexate (MTX) in the multicenter trial, ALL-REZ BFM 85. Because this was associated with an excess of overt second CNS relapses, cranial radiotherapy (cRT) plus prolonged triple IT therapy with MTX, cytarabine, and prednisone was instituted during the course of the subsequent trial, ALL-REZ BFM 87. Results of children with or without cRT, but otherwise identical chemotherapy, are presented here. Between April 1985 and March 1990, 93 children with their first late isolated BM relapse of ALL were entered on protocols ALL-RE2 BFM 85M and ALL-REZ BFM 87.
An intensive 6-month phase of multiagent chemotherapy that included 8 courses of systemic MTX (1 g/m2) plus IT MTX was followed by 2 years of conventional maintenance therapy with daily 6-thioguanine and biweekly MTX. Children with bone marrow transplantation excluded, 73 were in complete remission at the end of ADIOTHERAPY to the central nervous system (CNS) as treatment of subclinical meningeal infiltration has been successfully replaced by prolonged intrathecal (IT) chemoprophylaxis with or without increased-dose systemic methotrexate (MTX) in a considerable proportion of children with newly diagnosed acute lymphoblastic leukemia (ALL)."4 Salvage therapy protocols of isolated bone marrow (BM) relapse have been used with either periodic IT MTX (sometimes together with IT cytarabine and IT hydrocortisone) for 2 years in the Pediatric Oncology Group'" or systemic intermediate-dose MTX (l g/m2) plus IT MTX administered 8 times during the first half-year of intensive chemotherapy in the BFM (Berlin-Frankfurt-Miinster) Group.'"" In trial ALL-REZ BFM 85, this was fraught with an unexpectedly high rate of second CNS relapses," and cranial irradiation (cRT) together with triple IT therapy to be administered in the second half-year of treatment was introduced for children with negative cerebrospinal fluid findings during the course of trial ALL-REZ BFM 87. The results presented in the following report suggest this measure to have effectively prevented second CNS relapses and to have substantially increased the overall probability of 6-year disease-free survival.
intensive polychemotherapy, 40 of whom received fractionated cRT plus triple IT therapy during the following 6 months; 11 did not receive cRT but prolonged triple IT; 22 received neither cRT nor prolonged triple IT. Except for a higher percentage of children who had received cRT in frontline protocols (29 of 33 v 20 of 401, the patient groups without or with salvage cRT were comparable. Of 33 children without salvage cRT, 26 relapsed, compared with 21 of 40 who had received cRT ( P < .05). The difference was solely attributable t o second relapses with CNS involvement (10 of 33 W 1 of 40; P < .01). Estimated 6-year event-free survival rates were . l 8 for children without cRT and .46 for children with cRT ( P < .01). In patients without cRT, no impact of prolonged IT therapy could be shown. The data suggest that second CNS prophylaxis with cRT and prolonged triple IT therapy in children with late isolated BM relapse of ALL is effective in preventing CNS relapses, in reducing the overall relapse rate, and in increasing the overall survival rate. In all other cases, front-line treatment was completed as planned. The vast majority of patients had been treated according to protocols featuring early multiagent intensification (BFM proper 65, modified BFM 9, CoALL 15).
All treatment protocols had been approved by the local ethical committee. The treatment strategy of trial ALL-REZ BFM 87 was a continuation of limb M of trial ALL-REZ BFM 85 (MTX 1 g/m2 as 36-hour infusion) that has been described previously.' At diagnosis, children received IT MTX ( I2 mg, reduced to 10 or 8 mg in children below 3 or 2 years of age, respectively), followed by prednisone (100 mg/m') for 5 days, and then received alternating courses of polychemotherapy (RI and R2, four courses each), as outlined in Table 1 
. Each course included IT therapy with MTX plus intermediate-dose systemic MTX
(1 g/mz as continuous infusion over 36 hours). Maintenance therapy consisted of daily 6-thioguanine (50 mg/m2) and biweekly intravenous MTX (50 mg/m*) for 2 years.
Additional CNS prophylaxis, recommended for all ALL-REZ BFM 87 patients with BM relapse, consisted of cRT and prolonged triple IT therapy. After the end of intensive polychemotherapy (8 courses, approximately 6 months), cRT was performed in a fractionated fashion (1.7 Gy/d) at a dosage of 18 Gy, which was reduced to 12 Gy in children younger than 2 years of age and those who had received cRT during front-line treatment. After cRT, triple IT therapy was administered every 6 weeks until the end of the first year. Triple IT therapy consisted of MTX (12/10/8 mg), cytarabine (30/26/20 mg), and prednisone (10/8/6 mg) administered in an ageadapted fashion, with reduced dosages in children below 3 and 2 years of age. The probability of disease-free survival (DFS) was calculated by the Kaplan-Meier method based on the time elapsed between the date of second complete remission (CR) and the date of an adverse event (second relapse; death in CR) or the last date the patient was reported to be in continuous complete remission (CCR). Subjects of this analysis were children who were in CR after the end of intensive polychemotherapy (6 months after diagnosis). Children who underwent BM transplantation (BMT) were excluded. Differences between treatment groups were assessed by the log-rank test or Mann-Whitney rank sum test, with P > .05 regarded as not significant (NS).
RESULTS
Of 21 children with late isolated BM relapse of study ALL-REZ B M 85M, 18 were in CR after the end of intensive polychemotherapy (6 months after the diagnosis of relapse had been made), plus 1 child who underwent allogeneic BMT. These patients did not receive cRT. Similarly, 55 of 72 late isolated BM relapse patients of study ALL-RE2 B M 87 were in CR after completion of polychemotherapy courses, plus 9 children who underwent BMT. Of these 55 children, 15 patients were not irradiated for various reasons (parental refusal, n = 5; BMT planned but not performed, n = 4; local medical decision in children who had received cRT with 18 Gy or more in front-line protocols, n = 6); however, 11 of these 15 children received triple IT therapy during maintenance therapy. A total of 40 patients received triple IT and cRT therapy (21 children, 12 Gy; 18 children, 18 Gy; and l girl, 24 Gy). Thus, the total number of children with late isolated BM relapse who were in CR after completion of intensive polychemotherapy was 73. Of these, 40 children received full CNS prophylaxis with cRT, 11 did not receive cRT but prolonged triple IT therapy, and 22 received neither cRT nor prolonged triple IT therapy. Intensive polychemotherapy and maintenance therapy were otherwise identical for all children.
Of the 73 children analyzed, no patient had had CNS leukemia at first diagnosis. The 40 irradiated patients and the 33 children without cRT did not differ with respect to percentage of boys; age or BFM risk factor at first diagnosis of leukemia; employment of BFM or BF"1ike front-line protocols; median duration of first remission; age, white blood cell count, or absolute peripheral blast count at diagnosis of relapse; immunologic phenotype; or percentage of BM blasts after 1 course of intensive chemotherapy (Table 2 ). However, 29 of 33 children who did not receive cRT for relapse treatment had been irradiated during front-line treatment, compared with only 20 of 40 children who were administered cRT during relapse treatment (P < .001). In patients who had received cRT during front-line treatment, the dosage of radiation administered initially had been similar in both groups (18 Gy or less, 20 of 29 patients and 16 of 20 patients, respectively).
The outcome of ALL-REZ BFM 85M and ALL-REZ BFM 87 children with late isolated BM relapse and children in CR after completion of intensive polychemotherapy is summarized in Table 3 . Of 33 children without cRT, 26
relapsed, compared with 21 of 40 who had received cRT (P < .05). Relapses with overt BM involvement did not differ significantly between the two groups (17 of 33 v 21 of 40). 
Values are the number of patients for categorical variables, end the median
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From for children without cRT; P < .01 (Fig 1) . Overall 6-year survival estimates after relapse were .68 in the cRT group and .31 for patients without cRT; P < .05.
Of the 11 non-cRT patients who had received triple IT during the first half-year of maintenance therapy, 2 were in CCR, compared with 4 of 22 non-cRT, non-triple IT-therapy children. The estimated 6-year DFS rates of both groups were indistinguishable (.l4 v .19; NS).
Because the proportion of children who did not receive cRT in retrieval therapy was significantly larger in the group of patients who were irradiated during front-line treatment than in the group without front-line CRT, children with and without front-line cRT were analyzed separately. In preirradiated patients, 10 of 20 children with second cRT are in CCR, compared with 6 of 29 without second cRT (6-year DFS rates, .48 v .20; P < .05). In patients without cRT during front-line therapy, 9 of 20 children with salvage cRT are in CCR (6-year DFS rate, .44), whereas all 4 children without salvage cRT relapsed.
For parental refusal, 1 girl had not completed front-line treatment as planned. She did not receive cRT during frontline therapy but during salvage therapy and is in CCR 69 months after relapse. Exclusion of this patient from data analysis did not result in any substantial changes. BCjHRER ET AL An isolated seizure followed by reversible somnolence syndrome was reported in 1 irradiated patient. Transient somnolence, vomiting, and fatigue attributed to CNS irradiation were reported in 1 child in each group. Headache, vomiting, and fatigue (all reversible) were reported in a nonirradiated child during prolonged IT therapy. A boy with tuberous sclerosis, who also had not been irradiated but received intrathecal therapy, presented with a seizure, leading to the discontinuation of IT therapy. No encephalopathies were reported by the institutions, but a complete central review of computed tomography or magnetic resonance scans has not been performed yet. There have been no secondary neoplasms so far.
DISCUSSION
In most trials of newly discovered childhood ALL, replacement of cRT by IT therapy andor increased-dose systemic MTX has not been applied to high-risk patients. Relapse may be viewed as definite proof of aggressive leukemic disease, but in several salvage therapy protocols, cRT has been withheld from children with isolated BM relapse for concern about toxicity. The retrospective analysis of the ALL-REZ BFh4 85M/87 data suggests that preventive CNS treatment with cRT and prolonged triple IT in children with late isolated BM relapse of ALL reduces the risk of second CNS relapse and improves overall DFS. Increased-dose systemic MTX (1 @m' over 36 hours) together with IT MTX, administered 8 times during 6 months of intensive polychemotherapy, and use of systemic dexamethasone" do not appear to afford CNS protection.
The observations presented here are not based on a randomized prospective trial but on a comparison of two consecutive groups of children who received identical systemic polychemotherapy. Therefore, the conclusions have to be viewed cautiously. Fewer children who received cRT during salvage therapy had received cRT during front-line therapy than children who were not irradiated for relapse treatment. No skewed distribution of parameters known to be associated with a poor prognosis at the time of first or relapse diagnosis was noted for the two consecutive groups. Although completely withholding effective secondary CNS prophylaxis from children in one arm of a randomized prospective trial is viewed as being precluded on ethical grounds (no such trial has ever been conducted in childhood ALL relapse), For personal use only. on October 22, 2017. by guest www.bloodjournal.org From the combined approach of cRT and triple IT therapy poses questions to be answered by randomized trials.
A comparison of 1 l non-cRT children who received additional triple IT therapy during the first half-year of maintenance therapy with 22 non-cRT non-triple IT children did not show any benefit of this measure. However, it is well conceivable that continuation of triple IT therapy for a total of 2 or 3 years might afford CNS protection similar to that observed with cRT, as shown in front-line protocols."' In a series of 14 standard-risk ALL children with late isolated BM relapse, no meningeal relapse was observed after periodic IT MTX and cytarabine was administered for 30 r n~n t h s .~ Seven children were reported to be in second CR for at least 48 to 79 months, whereas none of the patients in the historical control group remained in CR after 2.5 years. However, children with a late isolated BM relapse of ALL treated with prolonged triple IT therapy without cRT are now being reported to have CNS involvement in more than 10% of second relapses observed.' Conclusions regarding the relative contribution of therapy elements to improved outcome of relapsed ALL patients may not be easily transferred between study populations differing grossly in frontline treatment strategy and median duration of first CR.
Although acute and chronic neurotoxicity is inherent to all available modalities of CNS prophylaxis, cRT has the additional burden of inducing brain tumors within 1 or 2 decades after radi~therapy.'~"~ Until now, no second malignancy was observed in the children of this study, but the possibility of radiation-induced CNS neoplasias developing later cannot be excluded. In a retrospective cohort study of 9,720 children with ALL, the estimated risks of a second neoplasm among nonirradiated and irradiated patients were 0.3% and 1.6%, respectively, 10 years after diagnosis.16 Tumors of the CNS accounted for the majority of neoplasms in irradiated patients. This has to be weighed against the gain in survival rate achieved by cRT and triple IT therapy.
Acute neurotoxicity was acceptable both in irradiated and not irradiated patients. Although a central review of brain computed tomography scans is currently underway, longterm follow-up including subtle impairment of intellectual and endocrinologic functions" has not been part of the ALL-REZ BFM multicenter trials so far. The increased chances of prolonged survival in patients with late isolated BM relapse emphasize the need for a comprehensive assessment of longterm sequelae of potentially curative treatment strategies.
